Summary
The Bovine milk is a very rich source of vitamin B2, which occurs as riboflavin (RF), flavin mononucleotide (FMN), and flavin adenine dinucleotide (FAD). Much RF in milk is contained in the free form, while a small part is FMN and FAD (1, 2) . For example, xanthine oxidase [EC 1.2.3.2], which is abundant in bovine milk fat globule membrane (MFGM) (3) , is a flavoprotein which binds two molecules of FAD per molecule of protein (4) . The ratio and distribution of RF in milk are variable among the reported papers, the reason for this being obscure . milk before parturition (80%). The total vitamin B2 content in the cream and casein fractions did not vary significantly during lactation (Table 4) . The bound vitamin B2 content and the ratio of bound/total vitamin B2 in the milk fractions also did not vary throughout early lactation ( Fig. 2 and Table 4 ). However, there was a tendency that the content of bound form in whey decreased from milk before parturition to transitional milk. In agreement with the results for normal milk (Table 1) , the ratio of bound/total vitamin B2 was higher in the cream and skim milk membrane fractions than in the other fractions.
The distribution of bound form in whey was 34% in colostrum at 1-3days and 19-27% at the latter half of colostrum, and in transitional and mature milk, excepting milk before parturition (59%) (Fig. 2) . Bound form in the cream fraction increased from 41 to 51% in the colostrum period, whereas it was 13% in milk before parturition. The distribution of bound vitamin B2 in the skim milk membrane and casein was not influenced by the lactation stage, the values being 13 -16% and 13-19%, respectively.
Binding form of bound flavins
The binding of flavins to whey protein, MFGM and casein was investigated by using various agents, delipidation, and heat treatment ( Table 5 ). Most of the fl avins bound to MFGM and whey protein were not dissociated by KCl, NaCl, nonionic detergents such as Triton X-100, Nonidet P-40, and Tween 20, and mild anionic detergents such as sodium cholate and sodium deoxycholate. Ammonium sulfate, which dissociated flavins from flavoprotein (8, 9), did not have a profound effect on the liberation of flavins from MFGM and whey proteins. With urea, half the amount of flavins bound to MFGM was liberated, whereas the flavins bound to whey protein were not. With SDS, most of the flavins were dissociated from MFGM, but did not affect the flavins bound to whey protein. Guanidine HCl, which is a chaotropic agent for the perturbance of bological macrostructures (10), liberated flavins from both MFGM and whey proteins. As flavins, probably RF, were decreased by the increase in concentration of guanidine HCl, urea and ammonium sulfate, but not by the others (data not shown), contents were corrected by the ratio obtained for authentic RF and these reagents. The bound flavins of MFGM were also dissociated by delipidation with a mixture of methanol and chloroform. These results suggest that the binding of flavins with protein is noncovalent and hydrophobic for the flavin-MFGM complex. About 20-40% of the flavins bound to casein was liberated by various agents which did not dissociate MFGM-flavins. This suggests that flavins trapped in casein micelles were removed by dialysis. Accordingly, the remainder seems to correspond to flavins truly bound to casein. Guanidine HCl and SDS released fl avins from casein more effectively than the other agents, suggesting that the casein-flavin complex also involved hydrophobic interaction. By heating in a boiling water bath, most of the bound flavins were liberated from MFGM, whey protein and casein. The flavins were not destroyed by heating under neutral conditions, judging from their fluorescence spectra.
Effect of pH on dissociation of bound flavins
The flavins in the MFGM were stable in a range of pH from 4 .0 to 10.0, but dissociated drastically at pH 3.5 to 3.0 (Fig. 3) . At pH 4.8, which is the isoelectric point of MFGM (5), most of the bound flavins were not dissociated. The flavins bound to whey protein were also dissociated at pH 3.0, at which 90% of the flavins dissociated. The flavins associated to casein were influenced by pH (data not shown), about 50 to 60% of flavins being dissociated in the alkaline (pH 8 .0-10.0) and acid pH regions (3.0-4.6). However, there was no direct relationship with pH .
DISCUSSION
Most investigators reported that from 65 to 95% of the RF in bovine milk was in the free form (1), and the rest was present as FAD, whereas none occurred as FMN (4, 13) . However, Funai reported 21% in the form of FMN, with 14% as FAD and the remainder in the free form (RF) (11). Nagasawa et al . also found 94-95% of the RF free with the remainder bound at about 60% as FMN and 40% as FAD in skim milk (12) . Furthermore, Roughead and McCormick (13) reported the occurrence of 10-(2'-hydroxyethyl) flavin (11-19%) in addition to FAD (13 -46%) and RF (35-73%) in bovine milk by HPLC. However, we could not detect 10-(2'-hydroxyethyl) flavin in bovine milk by HPLC method of Kanno et al. (14) . Thus, there is a great difference in the form of flavins in bovine milk and these studies have been concerned in the ratio of RF, FMN, and FAD. In this study , our (25, 26) , bovine blood (27) , pregnant women (28) , and human blood (29) . RF-binding protein was produced by laying hens for plasma transport and the storage in eggs of adequate supplies of RF for the developing embryo (24, 30) . RF-carrier protein in pregnancy plays a vital role in the transport of RF from the mother to fetus, with intraem bryonic events in the rat fetus that culminated in fetal death after immunizing the mother with an antiserum to RF-binding protein (25, 26 
